(.12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Ibtellectual Property Organizatioii 
Internationa] Bureau 

(43) IntematioDal Publication Date 
18 December 2003 (18.12.2003) 




PCT 



(10) Intemational Publication Number 

wo 03/103576 A2 



(51) International Patent Classiiicatioo^: A6IK 

(21) International Application Number: PCT/US03/168S7 

(22) International Filing Date: 29 May 2003 (29.0S^003) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
10/167,768 



1 1 June 2002 (1 1.06.2002) US 



(71) Applicant (far all desfgriated States except US): 
MACROMED, INCORPORATED^ [USAJS]; 9520 
South State Street, Sandy, UT 84070 (US). 

(72) Inventors; and 

(75) Inventors/Applicanto (for US only)'. SHIH, Chung 
[USAJS]; 2798 Amberwick Lane;Sandy, UT 84093 (US). 
ZENTNER, Gaylcn, M. [USAJS]; 6312 South Colleton 
Circle. Salt Lake City, UT 84121 (US). PL\0, Al-Zhl 
[CN/US]; Apartment L206, 330 East 700 South, Salt Lake 
City, UT 84111 (US). 

(74) Agents: WESTERN, M., Wayne et al.; Thorpe, North & 
Western, L.L.P., P.O. Box 1219, Sandy, UT 8409M219 
(US). : 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ. BA. BB, BG. BR, BY. BZ. CA. CH. CN, CO. CR, CU, 
CZ. DE. DK. DM. DZ. EC. EE. ES, H, GB, GD. GE, GH, 
GM, HR, HU. ID. IL, IN. IS, JP. KE, KG. KP. KR, KZ, Lt 
LK. LR. LS. LT. LU. LV, MA, MD. MG. MK, MN. MW, 
MX, MZ. NI, NO, NZ, OM, PH. PL, PT, RO. RU. SC, SD, 
SE, SG, SK, SL, TJ. TM, TN, TR. TT, TZ, UA. UG, US, 
UZ. VC, VN. YU. ZA. ZM. ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW. MZ, SO, SL, SZ. TZ. UG. ZM. ZW), 
Eurasian patent (AM. AZ. BY. KG. KZ, MD. RU. TJ, TM), 
European patent (AT, BE, BG. CH. CY. CZ, DE. DK. EE, 
ES. FI, FR, GB, GR, HU. IE, IT, LU, MC, NL. PT. RO, 
SE, SI, SK, TR), OAPI patent (BF, BJ, OF, CO, O, CM, 
OA, GN, GQ, GW, ML. MR. NE, SN, TD, T(«. 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin* 
ning of each regular issue of the PCT Gazette. 



^ (54) Title: RECONSTTTUTABLE COMPOSITIONS OF BIODEGRADABLE BLOCK COPOLYMERS 

(57) Abstract: A composition having enhanced reconstitution properties and method of use is disclosed. The composition comprises 
Q one or more biodegradable block copolymer drug carriers; and a reconstitution enhancing and enabling agent comprising polyeth- 
^ ylene glycol (PEG), a PEG derivative or a mixture of PEG and a PEG derivative; and wherein the biodegradable block copolymer 
^ drug carrier is soluble in an aqueous solution and in the liquid reconstinition enhancing and enabling agent 
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RECONSTITUTABLE COMPOSITIONS OF BIODEGRADABLE BLOCK COPOLYMERS 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to reconstitutable compositions comprising a water soluble, 

5 low molecular weight polyethylene glycol (PEG), PEG derivatives^ 

PEG d^vatives and their use for fiidlitating the reconstitution of biodegradable block 

copolymoic drug carriers in an hydrophilic environment. Particularly, this invention relates to 

flowable compositions comprising a water sohible polyettiylene glycol (PEG), PEG derivative^ 

or a mixture of a PEG and a PEG derivative, and biodegradable ABA, BAB and AB type block 

10 copolymers that are based on biodegradable polyester or poly(ortfao e^er) A blocks and 

polyethylene glycol (PEG) B blocks. The composition can be rapidly reconstituted in an 

aqueous vehicle to afford useful forms that may be either homogeneous solutions or uniform 

colloidal systems. 

Related Art ^ 
IS Biodegradable polymers have been used as surgical sutures, wound dressings, and as 

drug delivery systrais. Among them, polylactide (PIA), polyglycoUde (PGA) and their 

copolymers (PLGA) have attracted the most attention. One example of a biodegradable 

polymeric drug deUveiy system is a system wherein a drug is contained in a biodegr^^ 

polymer matrix Aat is surgically implanted, which is a big disadvantage. In the form of 

20 injectable dnxg delivery systems, polymeric nucrospheres and nanospheres ar^ 

Commercially available drug deliv^ formulations based on PLGA microspheres include 
Lupron Depot® and Nutropin Depot®. Microsphere and nanosphere systems have disadvantages 
in that they require special and c6mpl« preparation methods. Unfortunately, manufacturing 
microsphere and nanosphere dosage forms requires use of toxic or dangerous solvents (e.g., 

25 methylene chloride, ethyliacetate) and elaborate procedures (e.g., double emulsions, or 

.5 

cryogenic spraying techniques). The batch size is usually small and the cost is high. In 
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addition, since PLGA biodegradable polymers used can only be dissolved in organic solvents 
their preparation requires the use of such solvents which are foreign and harmful to the human 
body, and cannot be completely removed during manu&cture by any known method. 
Furthermore, some drugs such as peptides and proteins may lose their pharmacolo^cal activity 

5 afta: contact with organic solvents. 

An improvement to the aforementioned drug delivery systdns is an in situ formed depot 
based on PLGA as disclosed in U.S. Patent 5,599,552. In that system, PLGA is dissolved in 
water-soluble organic solvent(s), such as N-niethyl-2-pyrrolidone, and the drug is eith»: 
suspended or dissolved in this polymeric solution. The solution can be injected subcutaneously 

10 to form an in situ depot to trap the drug in the polymer that precipitates as titie organic solvent 
difiKises away. Howev^, flie drawback is the requirement for an organic solvent ttiat is used to 
dissolve the biodegradable PLGA polymer. Organic solvents, such as N-methyl-2-pyrrolidone, 
arg fordgn to ^^^^ Kumfln body and can cause unwanted side effects both acutdy and chronically. 
U.S. Patent 5,543,158 discloses nanoparticles or microparticles formed ftom a watar- 

15 insoluble block copolymer consisting essentially of poly(allqrl«ie glycol) and poly(lactic add). 
The molecular weight of the block copolymer is high and the copolymer is insoluble in water. 
In the nanoparticle or microparticle, the biodegradable moieties of the copolymer are in the core 
of the nanoparticle or microparticle and tiie poly(a]kylaie glycol) moieties are on the sur&ce of 
Ae nmoparticle or rnicroparticle in an amount effective enougih to dec^ 

20 nanoparticle or microparticle by the reticuloendothelial system. Nanoparticles are prepared by 
dissolving the block copolymer and drug in an organic solvent, forming an o/w emulsion by 
sonication or stirring, and collecting the nanoparticles containing the drug following 
precipitatiort 

Currently there are few synthetic or natural polymeric materials that can be used for the 
25 controlled delivery of drugs, including peptide and protein drugs, because of strict regulatory 
compliance requirements such as biocompatibility, low toxicity, having a clearly defined 



wo 03/103576 PCTAJS03/16857 

■ 3 . . . . ■ " *■■ :"■ ■ : ■ ■ 

degradation pathway, and safety of the polymers and degradation products. The most widdy 

investigated and advanced biodegradable polymers in regard to available toxicological and 

climcal data are the aliphatic poly(a-hydrpxy adds), such as polyO>-, , or D, L- lactic ad^ 

(PLA), poly(glycoKc acid) (PGA) and their copolymers (PLGA). These polymers are 

S commerdally available and are presently used as bioresorbable sutures and in biodegradable 

microsphere drug delivery systems. FDA-^proved microsphere systems for controlled release 

of leiiprolide acetate (Lupron Depot™) and human growth hormone (Nutropin Depot^ are 

based on PLGA copolymers. Based on this history of use, PLGA copolymers have been the 

materials of choice in the initial design of parenteral controlled release drug delivery systems 

10 using a biodegradable carriar. 

Even though there has been some limited success, biodegradable block copolymers that are 

based on biodegrj^able polyesto: or p61y(ortho estCT) and pol^^ 

when used as drug carriers, present problems Aat are assodated with thdr physicodiemical 
properties and attendant mefliods of fabrication. For example, biodegradable block 
15 copolymers are, by design, not stable in aqueous environments alftough shelf-lives of 

several yearis can be achieved wheu they are stored fiozen. However, elimination of cold 
storage requirements would be advantageous in most instances. It is also desirable to gain 
fialher- advantages rdated-to rapid dissolution of neat blodccopo^ 

vehicles at normal room temperature conditions. Rapid dissolution of the block copolymers 
20 permits reconstitution at time-of-use to occur, which in turn permits room.temperature 
storage of neat block copolymers. Known water soluble block copolymers are slow to 
dissolve in water, often requiring several hours for complete dissolution to occur. 
Compositioiis that show accelemted dissolution kinetics are desir^ 

Some drugs, such as proteins, are stable in aqueous solutions for only short periods. To 
25 compensate for tbis short-tenn stability, these drugs are commonly fiMmdated as diy cakes and 
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powders that can be stored under water-free conditions for much longer periods. Immediately 
prior to administration the dry cake or powder is reconstituted with an aqueous vehicle. Thus 
the situation is frequmtly encountered where it is desirable to have both the drug and flie block 
copolymer drug delivery system formulated in reconstitutable forms. To be facile^ it is critical 
5 fliat reconstitution, i.e., dissolution of the block copolymers and drug be completed in a short 
period. Th^e has been no previous disclosure of compositions comprising (a) a water soluble^ 
low molecular weight PEG, PEG derivatives (i.e., lactide and/or glycolide derivatized PEG), or 
a mixture of a PEG and a PEG derivative, and (b) a biodegradable ABA, BAB or AB type block 
copolymer that is based on biodegradable polyester or poly(oitho ester) A blocks and PEG B 
10 blocks. The compositions can be rapidly reconstituted in an aqueous vehicle to afford a 
homogeneous fnxe solution or unifonn colloidal system. Accordingly^ 
represents improved drug delivery compositions that minunize or are free of the problems 
mentioned above. 

15 SUMMARY OF THR IN VENTION 

The present invention pn>vides compositions that can be rapidly reconstituted in 
an aqueous vehicle to afford a homogeneous solution or uniform colloidal system, and mefliods 
of use thereof for pi^aring a pharmaceutically effective fonnulatioh for deU^ 

Hie present invention also provides a method for effective reconstitution of a drug 
20 delivery composition in an aqueous vehicle to afford a homogeneous solution or uniform 
colloidal system and a method for effectively administering such a composition to warm 
blooded animals. The administration can be done by any functional means such as parenteral, 
ocular, inhalation, transdermal, vaginal, buccal, transmucosal, transure&ral, rectal, nasal, oral, 

peroral, pulmonary, topical or aural and any oth^ means of adininistration that may be 
25 compatible with die present invation. 
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The ccmiposition of the present invention compiis^^^ 
copolymer drug carriers comprising A-B, A-B-A or B-A-B block copolymers having a total 
molecular weight of 2000 to 8000 Daltons, wherein the A block is a biodegradable polyester or 
poly(ortho ester) and flie B block is polyethylene glycol (PEG), and the weight percentage of flie 
S AblockisbetweenS0.1%to83%;and2)arecoxistitutionenhancmgandenabli 

comprising a liquid polyetihiylene glycol (PEGX a PEG derivative, or a mixtures of PEG and a 
PEG derivative, said PEG or PEG derivative having a molecular weight of 150 to 1 100 Daltons; 
wherein the biodegradable drug carrier is soluble in an aqueous solution and in the PEG and/or 
PEG derivatives* 

10 The biodegradable block copolymer drug carriers suitable of the present invention can fimn 
homogeneous, firee-flowiDg solutions or imifoim coUoidal 5^ 
fiom 1 % up to 40% by weight. Reconsti tution is the process of mixing an agotit to be 
reconstituted with a solvent, which in the case of pharmaceuticals is usually aqueous. After 
reconstitution the mixture may exist in the fmal physical state as eitha: a true 

IS uniform colloidal or suspension system. The time course for achieving the final physical 

state of the mixture should be rapid and facile. The present invention relates to compositions 
that enable rapid reconstitution of block copolymeric drug carriers to the final physical state 
as either a true solution or a uniform colloidal system. By '"rapid" is meant that the 
reconstitution process occurs within a short period of time, typically between 6.01 minutes to 

20 120 minutes, preferably within 0.01 minutes to 60 minutes, and most preferably within 0.01 
minutes to 30 minutes. 

The reconstitution enhancing and enabling agents of the present invention have low- 
viscosity, and are water-soluble liquids that have a good affinity with boQi water and the blodc 
copolymeric drug carriers, and yet permit the block copolymeric drug carriers to function in the 
25 desired manner at tiie administration site in a hunian or other warm-blooded aninial. 
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Particularly, low molecular weight PEG, or lactide and/or glycolide derivatized low molecular 
weight PEG, or mixtures tiiereof^ are good candidates for flie reconstitution enhancing and 
enabling agents of the present invention. 

Examples of suitable biodegradable water soluble drug carriers includes biodegradable 
5 ABA- or BAB-type triblock copolymers, or AB-type diblock copolymers ba^ 

biodegradable polyester or poly([orfho ester) A-blodcs and hydrophilic B polymer block(s) 
consisting of polyethylene glycol (PEG). The biodegradable polyester are synthesized fiom 
monomers selected from the group consisting of D,L-lactide, D-lactide, L-lacdde^ D,L-lactic 
acid, D-lactic acid, Lrlactic add, glycolide, glycolic add, 8-caprolactone, e-hydroxy hexanoic 

10 add, Y-butyn)lactone»Y~hydroxy butyric add, S-valerola^ 
hydroxybutyric adds; malic add, and copolymers thereof 

Polyethylene glycol (PEG) is also sometimes referred to as poly(ethylene oxide) (PEG) 
or poly(oxyetfaylene) when incorporated into a blodc copolymer, and the ten^ 
interchangeably for &e purposes of this inventiorL 

IS In the case where the A-block(s) are PLA/PLGA polyester, the lactate content is betwe^ 

about 20 to 1 00 mole percent, preferably between about 50 to 100 mole percent The glycolate 
content is between about 0 and 80 mole percent, preferably between about 0 to 50 mole percent 
Or, stated differently, when the A-block is PLGA the glycolate content is between about 1 and 
80 mole percent and preferably between about 1 and 50 mole percent and the lactate content is 

20 between 20 and 99 mole percent and preferably betweoi SO and 99 mole percent 

The compositions of the present invention are effective in reconstituting water soluble 
block copolymeric drug delivery compositions in aqueous vehicles to afford homogeneous 
solutions or imiform colloidal systems thus fadlitating administration of a uniform and accurate 

dose that may then, in many cases, enhance the therapeutic effect of the drug. Homogeneous 

I ■ 

25 solutions and uniform colloidal systems drug delivery compositions includes all firee flowing 
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fonns of tiie compositions comprising biodegradable block copolymer drug carriers and 
reconstitution mhancing and enabling agents of the present invention, water, drug(s), and any 
additives or exdpients as necessary to prepare formulations that are pbarmaceutically and 
therapeuticaUy usefiil/ The drug may be present as ei&er a true so 
5 such as emulsion or a suspension • All forms can act to facilitate administration of the drug and 
enhance the therapeutic effect Such flierapeutic effects may be optimized by controlling the 
copol^er molecular wdghts, compositions, and the relative ratios of the h 
hydrophobic blodks, ratios of drug to copolymer, ratios of copolymer to PEO and/or PEG 
derivatives, and both drug and copolymer concentrations in the final administered dosage foim, 
10 Additional advantages of this invention will become apparent fixnn the following detailed 
description of the various embodiments. 

DETAILED DESCRIPTION 

This invention is not limited to the particular configurations, process steps, and 

matCTals disdosed herein, as such configurations, process steps, and materials inay 

1 5 somewhat. It is also to be understood diat the tominology employed herein is used for the 

purpose of describing particular embodiments only, and is not intended to be limiting smce die 

scope of die present invention will be limited only by the appended claims and equivalents 

thoebf 

In this specification and the appended claims, the singular forms "'a,** "an^" and "fiie*' 
20 include plural references unless the context clearly dictates otherwise* Thus, for example^ 

reference to a composition for delivering "a drug" includes reference to one, two, or more dnig3. 
In describing and claiming the present invention, the following terminology will be used in 
accordance with the definitions set out below. 

"Effective amount" means an amount of a drug, biologically active agent or 
25 pharmacologically active agent that provides the desired local or systemic effect 
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^'Recoastitution" refers to mixing of biodegradable block copolymer drug carriers aioid 

the reconstitution enhancing and enabling agents with an aqueous solvent system to oeate a 
homogenous solution or uniform colloidal system. This is in addition to Ihe more traditional 
definitioh of reconstitution where drug and excipients are mixed widi a solvent, usually aqueous, 
S immediately before administration. When the present invention is fully utilized, the 

reconstituted block copolymer system can be used to reconstitute a drug. The combination of 
block copolymei(s) and reconstitution enhancing and cabling agents can be easily reconstituted 
with an aqueous solvent system as described above. 

"Copolymer solution", when used in reference to a biodegradable block copolymer contained 
10 in such a solution, shall mean an aqueous composition Imving such biod^g^ 

copolymer drug carrier and die reconstitution enhancing and enabling PEG and/or PEG 

derivatives either dissolved to form a homogeneous solution or uniform colloidal system. 

As such, copolymer solution includes all free flowing fomos oiftfae composition of the 

present inverition and water. 

IS /'Reconstitutablecompositiohs'' and/or ''compositions having ed^ 

properties" sh£41 incan compositions comprising biodegradable block copolym 
carrier, and ihe reconstitution enhancing and enabling agents comprising low molecular 
-wdghtPEGj PEG derivatives,-or mixtures of-PEGand-PEGdm^ 

''Recomdtutable drug fonndations"'*reconstitutable drug delivery "'drug 
20 delivery compositions having enhanced reconstitution properties" and the like, shall mean 
tfaiB combination of drugi the block copolymer drug carrier, and ihe reconstitution enhancing 
and enabUng agents comprising low molecular weight PEG, PEG derivatives, or 
PEG and PEG derivatives. They shall include all combinations of the drug with the block 
copolymer and reconstitution enhancing and enabling agents, for example block copolymer 
25 solutions that are mixed with the drug to form drug solutions, as well as mixtures of 
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undissolved block copolymers with the drug, i.e. blodc reconstitutable copolymeric drug 
delivery compositions, that are subsequently reconstituted into an aqueous environment to 
form a drug containing blodc copolyma solution. 

''Enhanced reconstitution properties" refers to properties that enable rapid reconstitution of 
block copolymeric drug carri^ to the final physical state as either a true solution or a 
uniform colloidal system. The reconstitution process occurs within a short period of time, 
typically between 0.01 mmutes to 120 minutes^ preferably within 0.01 minutes to 60 
minutes, and most preferably widiin 0.01 minutes to 30 minutes. 

''Aqueous solution*', ''solution", 'homogeneous solution" and flie like, shall include water 
without additives or aqueous solutions containing additives or exdpients sudi as pH buffers, 
components for tonicity adjustm«t, antioxidants, preservatives, drug stabilizers, etc., as 
commonly used in tiie preparation of pharmaceutical formulations. 

"Drug solution**, ''solubilized drug**, '^dissolved drugf** and all other terms that refer to the 
drug in a solution or dissolved state includes ihe drug being present as either a homogeneous 
solution, micellar solution, or in a colloidal state such as emulsion or a suspension^ Thus, 
solubilized drugs and drug solutions include all fi^e flowiiig forms of the compositions 
comprising the reconstitution enhancing and enabling agent, biodegradable block copolymer 
drpg carriers, water and drug(s). All forms can act to facilitate administration of die drug 
and enhance the therapeutic effect 

''Administration** is the means by which drug formulations are presented to humans and 
other wann-blooded animals in effective amounts, and includes all routes for dosing or 
administering drugs, whether self-administered or administo^ by medical practitioners. 
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"Tarenterd" shaU meaniuhnimstr^ 

by intramuscular, intraperitoneal, intra-abdominal, subcutaneous, intralfaeail, intrapleural, 
intravenous and intraarterial means. 

"Reverse thermal gelation" is the phenomenon whereby ai solution of a block copolyma 
5 spontaneously increases in viscosity, and in many imtancestransfoi^ 

the temperature of the polymer solution is increased above the gelation temperature of the 
polymer solution. For the puiposeof&e invention, the term gd includes both the smisolid gd 
state and the hig^ viscosity state that exists above the gelation temperature. When cooled below 
the gelation temperature the gel spontaneously revokes to reform the lower viscosity polymer 
10 solution. This cycling betweoi the solution and &e gel nmy be rqteatedmdefm 

sol/gel transition does not involve any change in the chemical composition of the i>olymer 
solution. All interactions to create the gel are physical in nature and do not involve the 
formation or breaking of covcdent bonds. 

"Depot" means a liquid drug delivery system that forms a gel upon the temperature being 
is raised to or above the gelation temperature following adnainistration to a warm-blooded animal. 

**Gel'* means the semi-solid phase that spontaneously occurs as die temperature the liquid 
blo(^ copolymmc imposition is raised to or above the gelation tempe^^ 
"Gel mixture" or "mixture of triblbck copolymers" refers to a reverse thermal gelation system 
comprising two or more ABA or BAB triblock copolymer components. The mixture can be 
20 made either by simply mixing two or more individually synthesized triblock copolymer 

components, or by synthesizing two or more types of copolymer systems in one synthesizing 
vessel. The mixture prepared by the above two processes may be combined widi water to form a 
polymer solution that may have the same or different gelation properties and gel qualities. 
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^^Biodegradable" means that the block copolymer or oligomer can chemically break 
down or degrade within the body to form nontoxic components. The rate of degradation can be 
the same or different from the rate of drug release. 

**Drug" shall mean any organic or inorganic compound or substance having biological or 
S pharmacological activity that can be adapted or used for a therapeutic purpose. 

"Pq^tide," "polypeptide," "oligopeptide" and "protein" shall be used interchangeably 
when referring to peptide or protein drugs and shall not be limited as to any particular molecular 
weight, peptide sequence or length, field of bioactivity or flierapeutic use unless specifically 
stated. 

10 'TLGA''shaU mean a copolymer or copolymer radicals daivedfix)mftec6ndmsa^ 

copolymerization of lactic acid and glycolic add, or, by the ring opening copolymerization of . 
lactide and giycolide. The terms lactic acid and lactate are used interchangeably; glycolic add 
and glycolate are also used interchangeably. 

"PLA" shall mean a polymer derived fiom the condensation of lactic add or by the ring 
IS opening polymerization of lactide. 

"PGA" shall mean a polymer derived fiom the condmsation of glycolic add or by the 
ring openiiig polymerization of giycolide. 

"Biodegradable polyester or poly(ortho ester)s" refers to any biodegradable polyester or 
poly(ortho ester)s, the polyesters are preferably synthesized from monomers selected &om 
20 the group consisting of P,L-lactide, D-lactide, L-lactide, DJ.-lactic add, D-lactic add, L- 
lactic add, giycolide, glycolic add, e-caprolactone, e-hydroxy hexanoic acid, y- 
butyrolactone, y-hydroxy butyric add, 6-valerolactone, 5-hydn)xy valaic add, 
hydroxybutyric add, maUc add, and copolymers thereof 

The present invention is baised on the discoyeiy of a reconstitution enhancing and 
25 enabling agent for biodegradable block copolymer drug carriers whidi can in minutes efiidendy 
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accdoate flie dissolution of the drug camera into ah aqueous medium to create an injectable 
copolymer solution or drug solution. The "reconstitution oihancing and aiabliog agoif* of tf»e 
present invention comprises a PEG or PEG daivatives having a molecular weight of 150 to 
1100, or a mixture ofa PEG and a PEG derivative. The PEG derivative refers to a PEG having 
5 a molecular weight of 150 to 1000 and is derived from a member sdected fiom the groiq> 
consisting of DJ^lactide, D-lactide^ L-lactide, DJ^lactic add, D-lactic add, L-lactic add, 
glycolide, glycolic add and copolymers fliereof The PEG derivative can also be a member 
represented by R'-CX>0-(PEG)-C6-R* or R'-0KPEG)-R* wherdn RV and 
membere sdected fiom the group consisting of H and Ci to Cio alkyl and flie PEG has a 
10 molecularweightof 150 to 1000. The biodegradable block copolymer drug carriers of ttie 

present is soluble both in an aqueous sohrtion and in the PEG and/or PEG derivatives. Examples 
of these biodegradable block copolymer drug carriers are disclosed in U.S. Pata»t 6,201,072 and 
penduig U.S. patent Applications, Serial Nos. 09/559,799; 09/971,074 and 09/971,082, hereby 
fully incorporated by reference. 
15 In one embodiment, flie biodegradable drug carrier comprises ABA-type or BAB-type 

triblodc copolymers, AB-type diblodc copolymas or mixtures thereof whore die A-blodcs 
• are relatively hydrophobic and comprises a biodegradable polyester or poly(ortho ester), and 
the B-blodcs are relatively hydrophilic and corapises polyethylene glycol (PEG), sdd 
copolymer having a hydrophobic content of between 50; 1 to 83% by wdght and hydrophilic 
20 content of between 17 to 49.9% by wdght, and an overall block copolymer molecular 

wdght ofbetween 2000 and 8000. The drug caniers exhibit water solubility at temp«atures 
below normal mammalian body temperatures and undergoes reversible thermal gelation to 
then exist as a gel at temperatures equd to physiological niaminalian body tempoatures. 

In another embodiment, the biodegradable drug carrier is an ABA-type, BAJS-type, or AB- 

• ■ . ' 1 ■ ' , 

25 type Mode copolymer, or mixtures thereof where the A-blocks are rdatively hydrophobic 
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and comprises a biodegradable polyester or poly(orthQ ester), and the B-blocks are relatively 
hydrophilic and comprises polyethylene glycol (PEG)/ sdd M 
hydrophobic content of between 50.1 to 65% by weight and a hydrophilic content of 
betwem 35 to 49.9% by weigjit, and an overall block copolymer weigjit-averaged molecular 
5 weight of between 2400 and 4999. The drug carriers are water soluble and capable of 

enhancing the solubility of drugs, hydrophobic drugs in particulaTi in water, to form a drug 
solution. 

In still another embodiment, flie polymeric drug carrier comprises biodegpuiable polyestw or 
poly(ortho ester) oligomers, and particularly PLA/PLGA oligomers having a weight 

10 averaged molecular weight of between 400 and 10,000, mixed with biodegradable ABA-type 
or B AB-type triblock copolymers, or AB-type diblock copolymers having a weight averaged 
molecular weight of between 2400 and 4999. The block copolymers have 50.1 to 65% by 
weight of the hydrophobic A block(s) comprismg biodegradable polyester or poly(ortho 
ester)s and 35 to 49.9% by weight of the hydrophilic B block(s) consisting of polyethylene 

15 glycol (PEG). 

It is also within the scope of the invention to include any drug carrying compositions tiiat 
can be reconstituted with an aqueous vehicle to create an aqueous fo 
needed for reconstitution is undesirably long. It is an unexpected discovery that the 
composition of the present invention can significantly decrease the reconstitution time and 
20 increase the water solubility and the std)ilityoffte drug in Reformulations. It is also 

surprising that inclusion an additional reconstitution enabling and enhancing agent of the 
present invention further CThances the dissolution rate of the fonni^ 

The composition of the presfflt invention have good gelation, solubil^ 
performance, or combined properties. In general, the reconstitution enhancing and enabling 
25 agents of the present invention are water-soluble, low molecular weight liquid polyethylene 
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glycols(PEG), PEG derivatives, or mixtures of PEG and PEG derivatives. In one particular 
embodiment, lactide and/or glycolide derivatized low molecfular weight PEG or mixtures PEG 
and PEG derivatives are suitable reconstitution enhancing ageats for biode 
copolymer ^g carriers. In other embodiments, &e reconstitution enhancing and enabling agent 
S is lactide and/or glycolide derivatized PEG having a molecular weight between 1 SO to 1 100, 
whQ:ein the PEG molecular weight is 150 to 600; the PLGA:PEG weight ratio is 0.01 to 0.75. 
When the PEG derivative is derivatized by both glycolide and lactide, the glycolide content is 
0.01 to 99.99%, preferably 1 to 75%; and the lactide content is 0.01 to 99.99%, pi^ferably 25 to 
99%. The PEG derivatives of the present invention also include PLA wherein fbe lactide 
10 content is 0.01 to 100% and PGA wherein the glycoUde content is 0.01 to 10^ 

The reconstitutable compositions as disclosed herein, have compositional make-\]ps 
within the indicated ranges that render the composition rapidly reconstitutable. For purposes of 
disclosing molecular weight parameters, all reported molecular weight values are based on 
measurements by ^H-NMR or GPC (gel permeation chromatography) analytical techniques. 
1 5 The reported weight averaged molecular weights and number averaged molecular weights v/ere 
determined by GPC and ^H-NMR, respectively. The reported lactide/glycolide ratios were 
calculated from 'H-NMR data. GPC analysis was performed on a Styragel HR-3 column, or 
equivalent, calibrated with PEG standards using RI detection and chloroform as the ehient, or on 
a combination of Phenogel, mixed bed, and SOO A colxmuis calibrated with PEG standards using 
20 RI detection and tetrahydrofiiran as the eluent for the ABA and BAB triblock copolymers. 

ABA-type and BAB-type triblock copolymers, and AB-type diblock copolymers may be 
synthesized by ring opening polymerization, or condensation polymerization. Additionally, 
the B-blocks may, in certain instances, be coupled to the A-bloclcs by ester or urethane links 
and the like. Condensation polymerization and ring opening polymerization procedures may 
25 be utilized as may the coupling of a monbfunctional hydrophilic B block to either end of a 
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difuQcdonal hydrophobic A block m the presen 

FurBieimore, coupling reactions niay follow activation of fimctional groups with activating 
agents, such as carbonyl diimidazole, succinic anhydride, N-hydroxy succi^^ 
nitrophenyl chloroformate and the like. 

5 The hydrophiUcB4)Iock is fonned fiom PEG of an appropriate niole^ PEG was 

chosen as the hydrophilic B-block because of its unique biocompatibility, nontoxic 
properties, hydrophilicity, solubilization properties, and rapid clearance fiom a patient's 
body. The hydrophobic A-blocks are utilized because of their biodegradable, biocompatible, 
and solubilization properties. The in v/fro and //i vivo degradation of hydrophobic, 

10 biodegradable polyester or poly(orflio ester) A-blocks are well understood and Ate 

degradation products are readily metabolized and/or eliminated from tiie patient's body. 

Thus, water soluble biodegradable block copolymers are prq)ared wherein ttie 
hydropWlic B-block(s) make up about 17 to 49.9% by weight of the copolymer and ffie 
hydrophobic A-blockorblocksmakeupabout50-l to 83% by weight of the copolymer. The 
1 5 weight ratio of the biodegradable block copolymer drug carrier and die reconstitution enhancing 
and enabling agent(s), particularly water soluble low molecular weight PEG, PEG derivatives, or 
mixtures of PEG and PEG derivatives, is between 2:1 and 1:99. 
— - The composition of the present invwition can be quickly reconstituted in water or an 
aqueous solutipn and form a polymer solution comprising the composition of the present 
20 invention in water or the aqueous solution at a wdgjte ratio between 2:1 and 1^ 

Drugs that may be delivered by the reconstitutable drag delivery coinpositions of the 
present irivention can be any bioactive agent, but particular advantage is achieved with bioactive 
agents having limited solubility or dispersibility in an aqueoiis or hydrophilic environment, or 
any bioactive agent that Requires enhanced solubility or dispersibility. Without limiting the 
25 scope of flie present invention, suitable drugs include those drugs presented in current edition of 
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Goodman and Oilman's *The Pharmacological Basis of Therapeutics" or the currmt edition of 
The Merck Index, Bofli volumes list drugs suitable for numerous types of therapeutic 
applications, including drugs in the foUowmg categoriesrdrugs acting at synaptic and 
neuroeffector junctional sites, drugs acting on flie central nervous system, drugs that influence 
inflammatory responses, drugs that affect the composition of body fluids, drugs affecting renal 
function and electrolyte metabolism, cardiovascular drugs, drugs affecting gastrointestinal 
function, drugs affecting uterine motility, chemottierapeutic agents for parasitic infections, 
chemotherapeutic agents for microbial diseases, antineoplastic agents, immunosuppressive 
agents, drugs affecting the blood and blood-fonning organs, hormones and hormone antagonists, 
dennatological agents, heavy metal antagonists, vitamins and nutrients, vaccines, 
oligonucleotides and gene ther^ies. 

Incorporating one or more drugs mentioned in the above categories with the 
compositions of the present invention to form drug delivery compositions which can be easily 
reconstituted to form an aqueous solution or uniform colloidal system can be achieved by simply 
adding the drug to an aqueous solutions of the compositions of the present invention, or by 
mixing the drug wiA the compositions of the present invention and fliereafier adding water or an 
aqueous solution to form a solution or unifomi colloidal system* 

Mixtures of the compositions of the present invention with peptide/piotein drugs, and/br 
other ^rpes of drugs, may be prepared as reconstitutable drug delivery formulations that may be 
easily reconstituted in the form of a solution or dispersion* This aqueous formulation is then 
administered parenterally, topically, transdermially, transmucosally, inhaled, or inserted into a 
cavity such as by ocular, vaginal, transurethral, rectal, nasal, oral, peix>ral, buccal, pulmonary or 
aural administration to a patient Many of the aqueously solubilized drug formulations prepared 
by implementing the present invmtion may be diluted in an i.v. bag or by other means, and 
administered to a patient for an extended period, without precipitation of the drug. Due to the 
biocompatibility of the materials and the free flowing nature of the system at physiological 
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temperatures, this ^stem will cause minimal toxicity and minimal mechanical iiritation to flie 
sunounding tissue. 

A distinct advantajge to the comix)sitions of this invention lies in 
soluble, reconstitution enhancing and enabling agents to reduce the viscosity of the water 

S soluble biodegradable block copolymer drug carriers into a fom that is 

in wato: or an aqueous solution to form a polymer solution for drug delivery. In one possible 
configuration, a dosage form comprised of a solution of the block copolymer drug carrier and a 
reconstitution enhancing and enabling agent that contains dissolved drug is administered to thie 
body. "Before adininistration, flie reconstitutable drug containing composition may be firee^ . 

10 dried for long-term storage, and the lyophilized biodegradable polymeric drug composition may 
be quickly reconstituted to its original solution by using water or otibier aqueous solutions. 

The only limitatioxi as to how much drug can be dissolved or dispersed in the 
reconstitutable drug delivery composition of the present invention is one of functionality, 
namely, tiie drugrcopolymer ratio may be increased until the properties of the mixture are 

IS adversely affected to an unacceptable degree^ or until the properties of the system are adversely 
affected to such a degree as to make administration of the system unacceptably difBcult 
Generally speaking, it is anticipated that in most instances where dissolution is desired, the drug 
will be present Jrt between about 10^ tojabout 100 paraait by weight of the combined weight fliie 
block copolymer drug canier and the recoiistitution enhancing and enabling agents, with ranges 

20 of between about 0.001% to 25% by weight being tiie most conmion. For example, having the 
drug present at 100% by weight combined weight the block copolymer drug carrier and the 
reconstitution enhancing and enabling agents means that the drug and combined weight the 
block copolymer dnig carrier and the recoiistitution enhancmg and 

equal amounts (i.e., equal weights). Generally speaking, it is anticipated that in most instances 
25 where dispersion is desired, the upper drug:polymer ratio could substantially exceed the range 
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noted above for dissolutioxL Tbese ranges of drug loading are illustrative and will include most 
drugs that may be utilized in fiie present invention. However, such ranges are not limiting to the 
invention should dnig loadings outside this range be fimctioii^ 

The present invention thus provides reconstitutable compositions comprising; 
S biodegradable block copolymer drug carriers and reconstitution enhanciiig and oiabling agents 
that can be rapidly reconstituted in an aqueous vehicle to afiford useful forms fhat may be either 
homogeneous true solutions or uniform colloidal systems. The drug solution formed with the 
reconstitutable drug delivery compositions of &e present invention has desirable physical 
stability, therapeutic efiBcacy, and toxicology. The reconstitution enhancing and enabling agents 
10 of the present invention can be used for any wato: soluble drug carriers, particularly for 
Modegradable di- or triblock copolymers that have reverse gelation propel 
that can enhance the solubiUty of drugs, especially hydrophobic drugs. 

The following are examples that illustrate preferred embodiments of the invention but 
are intended as being representative only. 

15 

Example 1 

This example illustrates the synthesis of a reconstitution enhancing and enabling agent in 
the preset invmtion. 

PEG-300 (107.6 g) was placed in a 250-mL round bottom flask and dried under vacuum 
20 (0.2 torr, 90^C) for 3 hours. D,L-Lactide (33.4 g) and glycolide (9.0 g) was added and the head- 
space was replaced by dried nitrogen. The mixture was brought to 135®C and the reaction was 
initiated by adding stannous octoate (20 mg) via a dry syringe. The reaction mixture was 
flowed to stir under dry nitrogen at 155°C for four additional hours. Residual monomers were 
removed under vacuum (0.2 torr, 90*^0, 2 hr). The product was a clear free-flowing liquid. 
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Example 2 

This example illustrates flie synthesis of flie ABA-type triblock copolymer PLQA-PEG- 
PLGA by ring opening oopolymerizatioiL 

PEG 1450 (476.2 g) was dried under vacuum (1 mmHg) at 130^C fo^ 
Lactide (412.9 g) and glycolide (1 10.9 g) were added to Ihe flask and heated to 145**C to aflford 
a homogenous solution^ Polymerization was initiated by the addition of 250 mg stannous 
octoate to flie reaction mixture. After maintaining the reaction for five hours at 145**C, the 
reaction was stopped and flie flask was cooled to room temperature. Unreacted lactide and 
glycolide were removed by vacuum distillation. The resulting PLGA-PEO-PLGA copolymer 
had a weight averaged molecular weight (Mw) of 3855 as measured by GPC The GPC was 
performed on two Phenogd columns (300 x 7.8), 500A, and a mixed bed connected in series. 
Mobile phase was tetrahydrofuran and peaks werie detected by a differential refiactoiy index 
detector. The chromatograms were calibrated against PEG standards. This triblodc copolymer 
possessed flie properly of enhancmg flie aqueous solubiUty of drugs and, in pa^ 
hydrophobic drugs. This triblock copolymer did not forai a gel at or below 37^C. 

Example 3 

This example illustrates flie synfliesis of flie ABA-^e triblock copolymer PLGA-PEG- 
PLGA by ring opening copolymerizatioxL 

PEG 1000 NF (65.3 g) and PEG 1450 NF (261 g) was dried under vacuum (1 mmHg) at 
130**C for 5 hours, d. L-Lactide (53 1.12 ^ and glycolide (142.6 g) were added to the flask and 
heated to 145X to aflford a homogenous solution. Polymerization was initiated by the addition 
of 250 mg stannous octoate to the reaction mixture. Afi^ maintaining the reaction for five 
hours at 1 45''C, flie reaction was stopped and the flask was cooled to room temperature; 
Unreacted lactide and glycolide were removed by vacuum distillation. The resulting PLGA- 
PEG-PLOA copolymer had a wdght averaged molecular weight (Mw) of 4255 as measured by 
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GPC. A 23% by weight aqueous solution of this tnblock copolymer had a gel temperature at 
32.8^C 

. • Example 4 . 

5 The reconstitution enhancing and enabling properties of PEG derivatives are illustrated 

in this example. 

The PEG derivatives prepared in Example 1 (1 .5 g) were added to 1 gram of PLGA- 
PEG-PLGA triblodc copolymer prepared in Example 3. The two components were intimately 
- mixed into a homogmeous mixture. To the mixture, water for injection (5 g) was added. Hie 
10 mixture wassubjectedto wrist shaking at 100 strok^minute. The solution was visually 

insp^ed every 30 seconds for homogmeity. The time required for mixmg was reported as Hhe 
reconstitution time. The mixture described above took 1 minute to reconstitute. The resulting 
aqueous solution had a gelation temperature of 33.1°C. 

15 Example S 

FoUowing the mefliod descnl)ed in Example 4, using the tnblock copolymer ^ 
reconstitution enhancing and enabling agent ratio described in Table 1, it was noted that the 
reconstitution time decreased with increasing, wdght ratio of reconsti^ 
enabling agent in ibe mixture. The same tnblock copolymer without reconstitutioh-enhancing 

20 and enabling agent took long than S hours to reconstitute (Entry 1). It was also noted that flie 
rea)nstitution time was reduced when quantity of water w 
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Table 1 Reconstitution time as a function of weight ratio between ComponeniJ{tiMock 
copolymer described in Example 3) and Component IT (PEG derivative described in 
Example 1) and water. 
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Entry 


Component I 
(g) 


Component II 

(r) 


WatCT far 
injection (e) 


Tgd 
(»q 


Reconstitudon 
Timefmin) 


1 


I 


0 


6.5 


31.5 


480 


2 


1 


1 


5.5 


32.0 


15 


3 ■ ■; 


1 


1.25 


5.25 


32.2 


5 


4 


1 


1.5 


5 


33.1 


1 


5 


I 


1.75 


4.75 


35.5 


1 


6 


1 


1.5 


2.5 


28.0 


5 


7 


1 . 


1.5 


625 


34.2 


. 1 


8 


1 


1.5 


10 


35.5 





' Example 6 

TOs example iUuslrates the synthesis of an ABA-ty^ 
copolym^ by condensation cppolymerization. 

Into a three-necked flask, equipped with a nitrogen inlet, themiometer, and distillation 
head for removal of water, was placed D,L-Iactic acid (360 g) and gjycolic acid (96.7 g). The 
reaction mixture was heated under nitrogen at 160^C, with stirring, for three days. The resulting 
PLGA copolymer had a weight averaged molecular weight (Mw) of 8800. 

The PLGA copolymer (165 g) was mixed wifli PEG 1450 NF (150 g) and was heated in 
a flask at 160X under a nitrogen atmosphere. After 7 days, the reaction was stopped and the 
flask was cooled to room temperature. The residue was a higb viscosity liquid. The resulting 
PLGA-PEG-^PLGA block copolymer had a weight averaged molecular weight (Mw) of 3910 
determined by the GPC method described in Example 2. The triblock copolymer possessed flie 
property of enhancing the aqueous solubility of drugs and, in particular, hydrophobic drugs. 
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Reconstitution using PEG 200, PEG 300 or agent prepared in Example 1, by fhe meOiod 
described in Example 4, at triblock copolymer to reconstitution enhancing and enabling agmt 
ratio of 1:I.S, and wata to the mixture ratio of 2:1, tookl minute. 

5 Example 7 

Tins example illustrates Ihe synfliesis of an ABA-type PLGA-PEG-PI^^ 
copolymer by condensation copolymerization. 

Into a three-necked flask, equipped ivith a nitrogra inlet, thennbmeter, and distillation 
head for removal of water, was placed D,L-lactic acid (360 g) and glycolic add (96.7 g). The 
10 reaction mixture was heated under nitrogen at 1 60^C, widi stirring, for three days. The resulting 
PIXjAcoiK)lymer had a wdght averaged molecdarwdght(Mw} of PLGA (SOS g), PEG 
1000 NF (49.0 g) and PEG 1450 NF (195.8 g) were heated in a flask at 1 60°C under a nitrogm 
atmoqihere for 7 days. The reaction was stopped and the polymeric residue was thick and 
amb^ in color. Theresidue(ca.lOOg) was purified by dissolving in 400 mL of water at 
1 5 ambirat and precipitating at 70^C. The aqueous layer was discarded and this cycle was rq>eated 
one more time. Excess water in the residue was removed by lyqphflization, &e resulting 
polymer had a weight-averaged molecular weight of 4015. Aqueous solution (23%) of the 
polymer had a gelation temperature of 33.8^C. 

Reconstitution of this triblock copolymer was measured by the method described in Example 4. 
20 Thus, 1 gram of the triblock copolymer was intimately mixed with reconstitution enhancing and 
enabling agent described in Example 1 (1 .5 g)J Reconstitution of this mixture in 5 mL of water 
took 1 minute and the resulting solution had a gelation temperature of 32.5*'C. 
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Example 8 

AB diblock copolymers were synthesized by placing 35.7 g of PEG-Me (Mw: 2000) in a 
250 mL 3-neck round bottom reaction flask. Water was removed by heating in an oil bath (1 SS 
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^C)undervaaium(0.S ton)for3hoiii^^^ The reaction flask was then raised out of fhe oil balh 

■ t . • 

■ \ • . x ■ . . . 

and the vacuum was released. 

D,L-Lactide (32.0 g) was weighed and added to the reaction flask. The headspace was 
replaced with dry nitrogen by repeated evacuation and flushing wift dry nitrogm 5 times. 

The flask >yas thai lowered and immersed in a 155 oil bath. Once the content was 
melted and the internal temperature reached 150 2 drops (200 ppm) of st 
ethylhexanoate was added to initiate the polymerization. The reaction mixture was stirred using 
an overhead stirrer for 8 hours at a rate of 100-200 rpm. The temperature was then reduced to 
140 °C, and the residual monomer was removed under reduced pressure (<1 torr) over 1 hour. 
Hie residue was a tnmslucent, off-white solid having a molecular weight of 4550. The polymer 
possessed the property of enhancing the solubility of drugs and, in particular, hydrophobic 
drugs. Reconstitution time was measured using the agent prepared in Example 1 at ratios 
described in Example 4. The reconstitution time was 1 minute and the resulting solution did not 
form a gel at or below 3TC. 
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Example 9 

Metfaoxy-PEO (NfW SSO; 48,6 g) was tnuisfm 
reaction flask. The oil balh was heated to lOO^C. Hie molten PEG-Me was stinied wider 
vacuum for 5 hours to remove water. The reaction flask was then raised outside of the oil bath 

5 and the vacuum was released. D^Lactide (97.68 g) and gilycolide (26.47 g) were weighed and 
added the reaction flask. The headspace was replaced with dry nitrogen. The flask was than 
immersed into a 1 55 oil bath* Once the D^L-lactide was melted and the temperature inside 
flie reaction flask reached 1 SO ^'C, 2 drops (200 ppm) of stannous 2-ethyIhexanoate was added to 
the reaction flask. The reaction was stirred continuously for 8 hours at a rate of 1 00- 1 SO ipm. 

10 The oil bath tenq>erature was reduced to 140 and the reaction flask was attached to 

vacuum (<1 torr) for an hour to remove residual inonom^. The diblock copolymer had honey* 
like consistency with molecular weight of 2010. The residue (145 g) was added to 1^^^ 
diisocyxiatohexane (6.06 g) via an oven dried syringe and the reaction n^ 
stir at 140°C for 2 additional hours. The residue was purified by. precipitation twice flom water 

IS at yO^C. Water was removed by lyophilization and flie residual BAB triblock copolymer had a 
molecular weight of 4250. An aqueous solution (23%) of the polymer had a gelation 
temperature of 3 1 .2^C. Reconstitution time was measured using the agent prepared in Example 
1 at ratios described in Example 4. . Tlie reconstitution time was 1 minute and the resulting 
solution had a gelation temperature of 32.8X. 

20 Alfliough diblock copolymers are coupled via urethane linkages in flie current example, 

ester links, or a combination of ester and urethane linkajges are adequate for coupling two 
diblock polymeric molecules. 
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Example 10 

Following the same procedures outline4 in ExazDple 1 , fifteen reconstitution enhancing 
agents based on the type of poly(ethylene glycol) and stoidnometry described in Table 2, were 
synfliesized. These reconstitution enhandng and enabling agents were mi^ 
5 the triblock copolymer prepared in Example 3 at a ratio of triblock copolymer to reconstitution 
enhancing and enabling agent of 1 : LS and water to Hit mixture ratio of 2:1, to afford a free- 
flowing mixture. Reconstitution times oftheseniixtures, using the method described in 
Example 4, and ttie gelation temperatures were also reported in Table 2. 

10 Table 2 StoicMometry of additional reconstitution enhancing and enabling agmts prepared 
from the PEG, DJL/-lactide and glycolide, the reconstitution time required when mixing PLG- 
PEGrPLG triblock copolymer prepared in Example 3 with these reconstitution enhancing and 
enabhng agents, and gelation temperature. The ratio of triblock OT^ 
enhancing and enabling agent ratio was 1:1.5, respectively.. The mixt^ 



15 reconstituted into 5 mL of water. 



Entry 


PEG 


PEG weight 
(Kram) 


Glycolide 
(gram) 


D>L-Lactide 
(gram) 


Tgd 
(«G) 


Reconstitution 
Time (min) 


1 


PEG200NF 


30.0 


7.62 


28.38 




1.0 


2 


PEG200NF 


33.33 


5.64 


21.02 




1.0 


3 


PEG200NF 


50.0 


6.35 


23.65 


m 


1.0 


4 


PBG200NF 


107.14 


9.07 


35.79 


35.9 


1.0 


5 


PBG200NF 


50.0 


2.12 


7.88 


30.7 


1.5 


6 


PEG300NF 


57.14 


4.84 


18.02 


32.1 


1.0 


7 


PEG400NF 


86.15 


24.67 


9.19 


32.1 


1.0 


8 


PEG600NF 


50.0 


4.23 


15.75 


35.1* 


1.0 


9 


Triethylene 
S!J221 


50.0 


4.23 


15.77 


32.2 


1.0 
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10 


Tetraetfaylene 
i?lycol 


111.11 


8.23 


30.66 


30.5 


1.5 


11 


PEG300NF 


50.25 


19.75 


- 


31.1 


1.0 


12 


PEG300NF 


86.15 


24.67 


9.19 


35.3 


1.0 


13 


PEG300NF 


86.15 


15.1 


18.75 


37.4 


1.0 


14 


PEG300NF 


143.58 


11.94 


44.48 


38.8 


1.0 


15 


PEG300NF 


100.5 




39,5 


40.6 


1.0 



Viscous solution at ambient temperature 
Wifliout these agents, the reconstitution time of the said polymer was longer than S hours. 



Example 11 

S Tbi^ example illustrates the use of the reconstitution enhancing agent of the present 

invention in reconstituting a paclitaxel fonnulation wherein the drag canier i^ 
PLGA triblodc copolymer described in Example 2. 

The PEG derivatives prepared in Example 1 (1.5 g) were added to 1 gram of PLGA- 
PEG-PLGA triblodc copolymer described in Example 2. Also added to the mixture was SO mg 

10 pfpaclitaxel, The mixtiuie was intimately mixed into a homogeneous mixture^ After 
cooling to ambient temperature, water for injection (5 g) was added to the mixture. The mixture 
was subjected to wrist shaking at approxinwtely 100 strokes/min. The solution was visually 
inspected every 30 seconds for homogeneity. Complete dissolution was confirmed by aspirating 
and pushing it through a 54* 26-gauge needle using a 1-mL insulin syringe. The time required 

IS for reconstitution was 1 minute. 

Comparative Example of Example 11 

Paclitaxel (50 mg) was dissolved in the PLGA-PEG-PLGA triblock copolymer (1 ^ 
described in Example 2 without using the reconstitution-enhandng and enabling agent of the 
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present iriventipn. Wato* for injection (6.5^ was added to the mixtureL The mixture was 
subjected to wrist shaking at approximately 100 strokes/min for 5 minutes and flie content was 
not dissolved- A magnetic stirring bar wais placed and die mixture was stined at ca. 250 ipm at 
ambiait for least 5 hours to afford a h(nnogeneous solution. The solution did not foon a gel at 
or below aV'C. 

Example 12 

The PEG derivatives prqiared in Example 1 (1.5 g) were intimately mixed with 1 gram 
of PLGA-PEG-PLGA triblock copolymer described in Example 2 and 0.08 g of poly(DJ^ 
lactate-co-glycolate) (MW 1200) into ahomogeneous mixture. Paditaxd (75 mg) \ras 
dissolved into the mixture with gentle stirring at ca. 45*C. After equilibrated to ambient 
temperature, water for injection (5 g) was added and tiie mixture was subjected to wrist shaking 
at approximately 1 00 strokes/min. The solution was visually inspected every 30 s«»nds for 
homogeneity. Complete dissolution was confirmed by aspirating through a W 26-gauge needle 
using a 1 -mL insulin syringe. The time required for complete dissolution was 1 minute. Hie 
solution did not form a gel at or below 37°C. 

Example 13 

The PEG derivatives prepared in Example 1 (1-5 g) were added to 1 gram of Me-Pl^G- 
PLGA diblock copolymer described in Example 8. Also added to the mixture was 50 mg of 
paclitaxel. The mixture was intimately mixed into a homogeneous mixture. Water for injection 
(5 gram) was added to the mixture. The mixture was subjected to wrist shaking at 
approximately i 00 stix)kes/min. The solution was visually inspected every 30 seconds for 
homogeneity. Complete dissolution was confirmed by aspirating and pushing it through a W 
26-gauge needle using a 1-mL insulin syringe. The time required for reconstitution was I 
minute. The solution did not form a gel at or below 37**C. 
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Comparative Example of Example 13 
Paclitaxel (50 mg) was dissolved in Me-PEG-PLGA diblock copolymer (1 gram) 
described in Example 8 without the reconstitution-eiihm 
S Water for injection (6.5 gram) was added to the mixture. The mixture was subjected to wrist 
shaking at 100 strokes/min for 5 minutes and the content was not dissolved. A magnetic stirring 
bar was placed and the mixture was stirred at ca. 250 rpm at ambient for least 5 hours to afford a 
homogeneous solution. Hie solution did not fomi a gel at or below 37^C. 

10 Example 14 

Paclitaxel (1.04 g) was added to &e PEG derivatives described in Example 1 (40.0 g). 
The mixture was warmed to 40®C to ensure coinplete dissolution of the drug. This mixture was 
added dropwise into 133 mL of an aqueous solution of PLGA-PEG-PLGA triblodc copolymer 
(Example 3; 20%w/w). The solution was sterile-filtered througih a 0.2 \i filter before being 

15 dispensed into vials so that each vial contained 6 g of the solution. Water in the solution was 
removed by lyophilizatiocu The residue was homogenized by rotating on a roller at 50^C for 2 
hours. After temperature equilibrated to ambimt, water for injection (4.6 g) was added to the 
mixture. The mixture was subjected to wrist shaking at ^proximately 100 strokes/min. The 
solution was visually inspected every 30 seconds for homogeneity. The mixture took 1 minute to 

20 reconstitute. Tlie gelation temperature of the solution was 29.2®C. . 

Comparative Example of Example 14 
Paclitaxel (1 .04 g) was added to an aqueous solution of PLGA-PEG-PLGA triblock 
copolymer synthesized in Example 3 (133 mL, 20%) . The mixture was allowed to stir at 
25 ambient temperature for ca. 3 hours. It was then sterile-filtered through a 0.2 ji filter and 
dispensed into vials. Each vial received 4.6 g of the solution. Water in the solution was 
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removed by lyophilizadon. Reconstitution of the residue was examined by addition of 4.6 g of 
water for injection. Wrist shaking at approximately 100 stioke/min did not dissolve flie content 
in 1 5 minutes. Tht mixture was furflier mixed using a magnetic stirring at ca. 200 rpm at 
ambient conditions. Complete dissolution took longer than 5 hours. The gelation temperature 
5 was29.8^C. 

Example 15 

PEG-300 (40 g) was placed in a 2S0-mL round bottom flask. Moisture was removed by 
drying under vacuum (0.2 ton) at 90**C for 3 hours. Acetic anhydride (30 g) was added and die 
10 reaction mixture was brought to reflux under nitrogen over 48 hours. Excess acetic anhydride 
was removed by vacuum distillation at lOO^C for 24 hours. The reconstitution-enhancing and 
enabling agent was obtained by blending the residue with PEG 300 at 3: 1 ratio. 

Polymer synthesized by the method described in Example 3 (1 g) was intimately mixed 
with flie reconstitution-enhancing agent (1 .5 g). Wat«: for injection (5 g) was added to the 
15 mixture. Reconstitution of the polymer mixture took less than 1 minute. The gelation 
temperature of flie solution was 31. 8**C. 

Example 16 

Polymer synfliesized in Example 2 (1 g) was added 0.5 g of PEG 200, 1 g of tri(ethylene 
20 glycol) monomethyl ether and 10 mg of paclitaxel. The mixture was homogenized by mixing at 
ca. 45X. After cooled to ambient, the mixture was added 5 mL of water, reconstitution of the 
mixture took less flian 1 minute. The solution was clear, fiee-flowing liquid at room 
temperature and body temperature. 

Example 17 

\ • ■ ' 

25 Testosterone enrnthate (500 mg) was suspended in 8 ml of water. Five mL of the 

suspension were added to a homogeneous mixture comprised of 1 gram of triblock copolymer 



wo 03/103576 PCT/US03/16857 

30 

prepared in Example 3 and 1.5 gram of reconstitution enhancing and enabling agent prepared in 
Example 1 . Reconstitution of the mixture took 1 minute. Hie resulting suspension had a 
gelation temperature at 3 1.4°C. 

The above description will enable one skilled in the art to make a composition 
comprising biodegradable block copolymer drug carriers and a reconstitution enhancing and 
enabling agent comprising a low molecular weight PEG, a PEG derivative, or a mixtures of PEG 
and PEG derivative, said composition can be rapidly reconstituted in an aqueous vehicle to 
aflFord useful forms that may be either homogeneous solutions or uniform colloidal systems. 
Although the reconstitutable compositions are illustrated in the examples to show the 
functionality of Ae compositions of tiie present invention, fliese descriptions are not intended to 
be an exhaustive statement of all drug carriers that can be rendered constitutable by addition of 
the reconstitution agents of tiie present invention. Cotainly, numerous other drag carriers or 
drugs fiom various categories of therapeutic agents are well suited for the reconstitutable drag 
deliv«y compositions described in this invoition. It will be immediately apparent to one skilled 
in the art whidi various modifications may be made without departmg fix>m the scope of the 
invention that is limited only by the following clainas and their functional equivaloits. 
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CLAIMS 
What is claimed is: 

1. A composition having enhanced 

1) one or more biodegradable block copolymer drug carriers comprising A-B, A-B 
S A or B-A-B block copolymers having a total wdght average molecu^ 

2000 to 8000 Daltons, wherein the A block is a biodegradable polyesttf 
poly(ortho ester) and the B block is polyethylene glycol(PEG), and ^ 
pen^entage of the A block is between SO. 1 % to 83% and &e wdght percentage o^ 
the B block is between 17% to 49.9%; and 
10 2) a reconstitutionenhandng and CTabUng agent comprising polyethylene 

gly;pol(PEGO, a PEG derivative, or a mixtures of PEG and a PEG derivati^^ 
PEG or PEG derivative having a molecular weight of 1 50 to 1 1 00 Daltons; 
wherein die biodegradable block copolymmc drug carri^ is soluble in an aqueous 
solution and miscible with the reconstitution enhancing and ena^^ 

15 

2. A composition having enhanced reconstitution properties comprising: 

1) one or more biodegradable ABA- or BAB-type tri-block polymers, said ABA triblock 
comprises: 

i) 51 to 83 % by weight of a biodegradable, hydrophobic A block comjnising a 
20 biodegradable polyester or poly(ortho ester), and 

ii) 17 to 49 % by weight of a biodegradable, hydrophilic B block comprising a 
polyethylene glycol(PEG), and wherein the tri-block copolymer having a weight 
average molecular weight of between about 2000 to 4990 and possessing reverse 
ttiermal gelation properties, and 
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2) a reconstitution enhancing and enabling agent comprising a polyethylene glycol(PEGX 
a PEG derivative, or a mixture of PEG and a PEG derivative, said PEG or PEG derivative 
having a molecular weight of 150 to 1 100 Daltons, and 
wherein the biodegradable block copolymmc drug carrier is soluble in an aqueous solution and 
5 miscible with the reconstitutiqn enhancing and enabling agait 

3 . A composition having enhanced reconstitution properties comprising: 
1) a biodegradable ABA-type> BAB- or AB-type block copolymer, TO^ 
" i) 50.1 to 65 %bywdght of abiodegradable, hydrophobic Ablockcomprisinga 
10 biodegradable polyester or poly(ortho ester), and 

ii) 35 to 49.9 % by weight of a hydrophilic B block comprising a polyethylene 

glycol (PEG), and wherein tiie block copolynier has a weight average molecular 
weight of between 2400 to 4999 daltons, with the proviso that said block 
copolymer, when formed as an aqueous polymer solution, is a free flowing liquid 
15 at temperatures ofbetween at least 35 to 42°C, and 

2) a reconstitution enhancing and enabling agent comprising polyetiiylene glycol(PEG), a 
PEG derivative, or a mixture of PEG and a PEG derivative, said PEG or PEG derivative 
having a molecular weight of 1 50 to 1 1 00 Daltons, and 

wherein the biodegradable block copolymeric drug carrier is soluble in an aqueous solution 
20 and miscible with the reconstitution enhancing and enabling agent 

4. A composition having enhanced reconstitution properties comprising: 
1) a biodegradable polyester or poly(orlho ester) oligomer having a wdght average molecular 
weight of between 400 and 1 0,000 daltons; and a biodegradable AB-type, ABA-type, or 
25 BAB-type block copolymer comprising: 
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i) 50.1 to 65 % by weight of a biodegradable, hydrophobic A blodc comprising a 

biodegradable polyester or poly(ortho ester), and 

ii) ii) 35 to 49.9 % by weight of ahydrophilic B block comprising a polyefliylene 
glycol (PEG), and wherein the block copol)naier ^ 

weight of between 2400 to 4999 daltons, and 
2) a reconstitution enhancing and enabling agent comprising polyethylene glycol(PEG), a 
PEG derivative or a mixture of PEG and a PEG derivative, said PEG or PEG derivative 
havingamolecular weight of 150to 1100 Daltons, and 

whCTein the biodegradable block copolymeric drug earner is soluble in an aqueous solution 
and misdble with the reconstitution enhancing and enabling agent 

5. The composition according to one of Ae Claims 1-4 wherein the PEG derivative is 
comprised (tf PEG that has been derivatized with a member selected ft^ 
consisting of DJ^lactide, D-lactide, L-lactide, D,L-lactic acid, D-lactic acid, L-lactic 
acid, glycolide, glycolic acid and copolymers thereof. 

6. The composition according to one of flie Claims 1-4 wherein the PEG derivative is 
rq)resented by R'-C0-0-(PEG)-C0-R^ or R^-0-(PEG)-R^ wh^^ 
independmtly members selected fiom the group consisting of H and C| to Cio alkyl. 

7. The composition according to one of the Claims M wherein flie biodegradable block 
copolymeric drug carrier further comprises; a biodegradable polyester or poly(orfho estiar) 
oligomer. 
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8. The composition according to one of jOie Claims 1-4 wherein the weight ratio of the 
biodegradable block copplymeric drug carrier and the leconstitution enhancing and 
enabling ajgent is within the range of 2:1 to 1:99. 

9. The composition according to one of the Claims 1-4 wherein said composition can be 
reconstituted in water or an aqueous solution to form a homogeneous solution or an 
uniform colloidal system within 0.0 1 minutes to 1 80 minutes. 

10. A method ofrecoiistitutmg a drug delivery composition comprising the steps o£ 

A) providing a conqposition according to one of the Claims 1-4, and 

B) mixing water or an aqueous solution with the composition to form a homogeneous 
solution or an uniform colloidal system. 



